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A METHOD OF REDUCING RESOURCE ASSIGNMENT OVERHEAD

IN WIRELESS COMMUNICATION SYSTEMS

5 FIELD OF THE INVENTION

This invention relates to wireless communication systems and, more particularly,

to methods for assignment of system transmission parameters for high speed transmission

in such communication systems,

10 BACKGROUND OF THE INVENTION

Wireless communication systems have been developed to allow transmission of

information signals between an originating location and a destination location. Both

analog (first generation) and digital (second generation) systems have been developed to

transmit information signals over communication channels linking the source and

15 destination locations. Digital methods tend to afford several advantages over analog

systems. For example, improved immunity to channel noise and interference, increased

capacity, and encryption for secure communications are advantages of digital systems

over analog systems.

While first generation systems were primarily directed to voice communication,

20 second generation systems support both voice and data applications. Numerous

techniques are known in second-generation systems for handling data transmissions

which have different transmission requirements. In particular, data transmissions,

#0190992.01

053572-34321



Kiang 1-2-1

typically, are of relatively short duration whereas voice transmission is of a longer

duration and requires continuous access to the communication channel. Several

modulation/coding arrangements have been developed, such as frequency division

multiple access (FDMA), time division multiple access (TDMA), and code division

5 multiple access (CDMA), to increase the number of users that can access a wireless

network. CDMA systems are more immune to multiple path distortion and co-channel

interference than FDMA and TDMA systems and reduce the burden of frequency/channel

planning that is common with FDMA and TDMA systems.

In a CDMA system, a unique binary code sequence is assigned to each active user

10 within a cell to uniquely identify the user and spread the user's signal over a larger

bandwidth. Multiplied by the assigned code, the user's signal is spread over the entire

channel bandwidth, which is wider than the user's signal bandwidth. The ratio of the

system channel bandwidth to the user's bandwidth is the "spreading gain" of the system.

The capacity of the CDMA system is proportional to the "spreading gain" for a given

15 signal-to-interference (S/I) level. After reception of the transmitted signal, the signal of

each user is separated, or de-spread, from the signals of other users by using a correlator

keyed to the code sequence of the desired signal.

First-generation analog and second-generation digital systems were designed to

support voice communication with limited data communication capabilities. Third-

20 generation wireless systems, using wide-band multiple access technologies such as

CDMA, are expected to effectively handle a large variety of services, such as voice,

video, data and imaging. Among the features which will be supported by third-
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generation systems is the transmission of high-speed data between a mobile terminal and

a land-line network. As is known, high-speed data communications is often characterized

by a short transmission "burst" at a high data transmission rate, followed by some longer

period of little or no transmission activity from the data source. To accommodate the

5 bursty nature of such high-speed data services in third-generation systems, it is necessary

for the communications system to assign a large bandwidth segment (corresponding to

the high data rate) from time to time for the duration of the data burst. With the ability of

the third generation systems to handle such bursty high-speed data transmission,

throughput and delay for users can be advantageously improved. However, because of

10 the large amount of instantaneous bandwidth required for transmission of a burst of high-

speed data, the management of such bursts, and particularly the allocation of power and

system resources thereto, must be handled with care to avoid unwarranted interference

with other services using the same basic frequency allocation.

In establishing a high speed burst communication link, a land-line network base

15 station and a mobile terminal (or station) agree upon a service configuration that is to be

used by the base station and the mobile station. Transmission data rate and nominal

initial output power are service configuration parameters that must be assigned before the

burst transmission can begin. During the establishment of the communication link, a

prearranged protocol of command messages and responses are exchanged between the

20 base station and the mobile station. Among these protocol messages is a request, made

by the base station, for a measure of the signal strength received at the mobile station.

The base station requests the signal strength measurement be performed by transmitting a
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Pilot Measurement Request Order (PMRO) message. The mobile station, in response,

measures the received signal strength, and returns this measurement to the base station

through the Pilot Signal Measurement Message (PSMM). The base station then assigns

the burst transmission parameters with a goal of providing an acceptable quality of

5 service using a minimum of system resources.

To maintain acceptable signal reception and quality, with a minimum of system

resources, it would be advantageous to adjust the base station initial output power level,

transmission data rate and bandwidth in response to the dynamics of the wireless

environment. However, to continuously adjust the transmission parameters requires the

10 base station to repeatedly request that the mobile station report the received signal

strength each time the mobile station makes a burst request. Each such request introduces

delay in the transmission of the burst and contributes to an inefficient utilization of the

channel resources.

15 SUMMARY OF THE INVENTION

It is an object of the invention to improve the efficiency of the communication

link utilization in a wireless communication network by making system parameters of

remote sites available to local controllers. It is a further object of the invention to provide

a method of reporting system parameters from remote sites to local controllers in an

20 efficient manner. It is a still further object of the invention to reduce the time required to

assign burst transmission parameters by providing system parameter data to a local

controller in a efficient manner. It is a further object of the invention to provide a method
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of obtaining system data that may be used to dynamically assign burst transmission

parameters during a burst transmission.

According to the method of the invention, remote sites autonomously report

system data to a local controller and the local controller uses this information to allocate

5 transmission parameters and improve system performance. More specifically, in a

wireless communication network, after a local controller, such as a base station, and a

remote site, such as a mobile station, have established a communication link for burst

transmissions, the remote site mobile station autonomously reports system parameter

information to the local controller base station such that the local controller may adjust

1 0 the burst transmission parameters based on the reported signal parameter values.

Further, the base station collects the reported system parameters and in

combination with base-station-specific system information, such as cumulative power

history and Signal to Interference Ratio (SIR), reports this information, via its associated

link, to a mobile switching center, which is a local controller of a network of base

15 stations.

In a further embodiment of the invention, both the base station and the mobile

station employ time-out arrangements, such that if data is not received within known time

periods from the last data message received, the data session between the mobile station

and the base station is deemed ended (cleared) and the mobile station and base station

20 proceed to end their communication link processing.

In accordance with the method of the invention, and with specific applicability to

the communication link between a mobile station and a base station, the autonomous
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reporting of such data as the measured signal strength provides the base station with

information to update and optimize burst transmission parameters, without delaying the

transmission and without incurring channel overhead that otherwise would be necessary

to obtain this information. Thus, the invention provides an improvement in system

5 operation without incurring the expense of delayed transmissions or inefficient channel

utilization.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a typical structure of a wireless communication system

10 network in which the methodology of the invention can be employed.

Figure 2 illustrates the format of the forward channel in a wireless system in

which the invention can be employed.

Figure 3 illustrates the adjustment of burst transmission output power during a

burst transmission according to the method of the invention.

15

DETAILED DESCRIPTION OF THE INVENTION

The focus of early wireless systems, particularly first generation analog systems,

was primarily voice communication. With second generation wireless systems, including

20 CDMA, TDMA and GSM, came varying degrees ofimprovement in terms of voice

quality, network capacity and enhanced services. However, while second generation

systems are suitable to the provision of voice, low rate data, fax and messaging, they are
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generally not able to effectively and efficiently address requirements for high speed

mobile data rates. The evolution to third generation wireless communications represents,

essentially, a paradigm shift to the world ofmultimedia mobile communications, where

users will have access not just to voice services but also to video, image, text, graphic and

5 data communications. The third generation networks are expected to provide mobile users

with data rates ofbetween 144 Kbps and 2 Mbps.

Nonetheless, in wireless networks supporting these higher speed data

communications applications, channel overhead must be managed very carefully to avoid

delays caused, for example, by the communication link initialization sequence. As will be

10 shown hereafter, the invention provides a novel method to monitor system parameters of

the wireless communications network, thereby providing reduced time delay in assigning

burst transmission parameters and improved operating efficiency. While the invention

will be hereafter described in terms of a preferred embodiment based on CDMA encoding

of the wireless signals, it should be apparent that the methodology of the invention can

15 also be applied for other wireless channelization arrangements, including TDMA and

GSM.

Figure 1 illustrates a typical wireless communications system network

configuration containing a Mobile Switch Center (MSC) 100, a plurality of Base Station

Controllers (BSC) 102, a plurality of Base Transceiver Stations (BTS) 104 and multiple

20 remote users, each operating a Mobile Station (MS) 106, In addition to providing local

management and control functions for BSC 102 remote sites, MSC 100 also provides an

interface between the wireless network and a wireline network, PSTN 110, or a second
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wireless network, MSC 120. BSC 102, in turn, provides local control and management

functions for the one or more BTS 104 remote sites, and transfers information between

BTS 104 and MSC 100. BTS 104 is the termination point of the radio path on the

network side and typically consists of a set of, usually remotely tunable, transceivers

5 placed at the wireless site. Each BTS 104 typically represents one cell 108 in the wireless

network and provides local transmission control functions for the one or more MS 106

remote sites within the cell MSs 106, such as cellular telephones, computer terminals or

fax machines, terminate the radio path from BTS 104 and provide the served users with

access to the network services. The two-way radio link between BTS 104 and MS 106,

10 by convention, is designated the forward link whenever BTS 104 transmits to MS 106,

and the reverse link whenever MS 106 transmits to BTS 104.

Figure 2 illustrates a CDMA forward channel multiplexing arrangement as

established by the current version of the TIA/EIA/IS-2000.2 standard. A Pilot Channel

(PCH) is indicated at 201 and operates to continuously transmit an unmodulated signal in

15 a CDMA system. A PCH provides a phase reference for coherent modulation and a

means for signal strength comparisons between BTSs. A Dedicated Control Channel

(DCCH) is indicated at 202 and is used for the transmission of digital control information

(including power control information) from a BTS to an MS. A Fundamental Channel

(FCH) is shown at 203 that carries a combination of two-way voice and power control

20 information. A Supplemental Channel (SCH) is indicated at 204 and operates in

8 #0190992.01
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conjunction with a DCCH and/or an FCH to provide higher data rate services (or burst

data transfer) where higher-level data are transmitted.

In the establishment of a communication link, BTS 104 must allocate a sufficient

output power level to provide acceptable signal quality to MS 106. As the forward-link

5 signals in a CDMA system are transmitted in a common frequency band, transmission of

high power during the establishment of the communications link increases the overall

noise within the cell and increases the interference to the other users in the cell. This

increased interference remains until the output power can be adjusted to accommodate the

new user's transmission needs. Thus, in establishing the communication link, BSC 102

10 requests that MS 106 measure the signal strength received using the, always present,

known pilot bits transmitted in pilot channel 201. MS 106 measures the received signal

strength by using the amplitude values of the pilot bits and returns this measured value to

the base station controller. BSC 102, considering the capacity of the base station and

other users within the system, uses the measured signal strength to assign the

15 transmission parameters such as transmission data rate, bandwidth, and, nominal initial

output power to provide an acceptable quality of service to MS 106.

However, the exchange of protocol messages, which is needed to establish the

communication link and assign the burst transmission parameters, represents a processing

overhead which takes away system resources that otherwise could be applied to the

20 transmission of user data.

The method of the invention reduces this exchange of messages and the

corresponding setup overhead, which delays the setup of the burst transmission

#0190992.01
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parameters, by having MS 106 remote sites autonomously provide, to BSC 102, through

BTS 104, system data, such as the measurement of the received signal strength during the

period the communication link remains active. The autonomous reporting of the

measured received signal strength, for example, provides BSC 102 with a measured

5 parameter that can be used to adjust the assigned burst transmission parameters, such as

data rate, bandwidth and nominal initial output power, prior to each burst transmission.

Further, the autonomous reporting of the received signal strength enables BSC 102 to

adjust the output power and energy per bit during a burst transmission without BSC 102

requesting such a measurement. Adjusting output power during a burst transmission

10 allows the base station to dynamically adjust output power transmission parameters to

maintain an acceptable quality of service using a minimum of system resources.

According to the method of the invention, adjustment of burst transmission parameters is

achieved without expending channel resources to request the received signal strength

information from MS 106.

15

In one embodiment of the invention, the autonomous reporting from MS 106 to

BSC 102 may be performed on a periodic basis. The period of reporting may be a

function of the rate of arrival of the transmission data. In another embodiment of the

invention, the received signal strength may be measured and autonomously reported

20 synchronously with the received burst transmission.

Figure 3 illustrates an exemplary operation of the method of the invention in

which the transmitted output power is adjusted in response to an autonomously generated
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message from MS 106. As illustrated, two burst transmissions 340 and 350, spaced apart

in time are to be transmitted. Each burst has a duration 310 which is the time system

resources are needed to transmit the burst. In setting up the transmission parameters for

the burst, the transmitter initially sets the transmission output power to a nominal output

5 power level, which in this example is output power level 320a. The nominal output

power level, level 320a5 is typically chosen to be sufficiently high to insure an acceptable

quality of service at the limits of the transmitter's coverage area. With the transmission

parameters established, the transmitter then begins transmission of data traffic to MS 106.

MS 106, in receiving the data traffic, determines signal parameters, such as received

10 signal strength, and autonomously transmits message 330a, containing signal parameter

data, back to the transmitter. In the example illustrated, the autonomous transmission of

messages containing signal parameter data is performed periodically — the period here

being less than the burst duration 310.

In response to the messages sent by MS 106, the transmitter adjusts the output

15 power level such that an acceptable quality of service is maintained with the expenditure

of near optimal resources. In the example of Figure 3, the transmitter reduces the output

power to output power level 320b in response to the returned message 330a* The burst

transmission continues at this lesser output power level. MSC 106 continues to measure

system parameters and autonomously generates message 330b, In the illustrated

20 example, the transmitter determines from message 330b that the received signal strength

is too high and reduces the output power to output power level 320c.

11 #0190992.01
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The transmitter and receiver, MS 106, continue this interactive message exchange

whereby the transmitter continues to reduce the output power to output power levels

320c, 320d, 320e in response to the autonomously transmitted messages 330b, 330c,

330d, respectively. However, continued reduction of the output power can result in

5 output power levels that are too low for acceptable service.

As is illustrated in Figure 3, after transmission with output power level 320e, and

in response to the returned message 330e
?
the transmitter increases the output power to

output power level 320f. In this case, the transmitter determined that additional output

power was necessary because continued transmission at output power level 330e would

10 cause an unacceptable quality of service. In this example, the transmission output power

level 320f is raised to the last level that had acceptable quality of service - i.e., output

power level 330d. However, the power output level may also be raised as a function of

previous output power levels. For example, output power level 320f may be set between

output power levels 320d and 320e such that output power level 320f is the average of

15 the levels of 320d and 320e. Alternatively, level 320f may be determined by some other

weighted function -- e.g., 75% level 320d and 25% level 320e. It should be understood

that these settings of the next output power level, whether increasing or decreasing, are

intended only as examples and not intended to limit the scope ofthe invention.

This interactive exchange between transmitter and MS 106 continues for the

20 duration of the burst. That is, the output power level 320 is lowered, whenever received

signal strength 330 is determined by the transmitter to be too high — i.e., a waste of

system resources, and raised, whenever the received signal strength 330 is determined to

12 #0190992.01
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be too low - i.e., causing an unacceptable level of service. At the conclusion of the burst

the exchange ofmessages ceases.

In one embodiment of the invention, the last output power level of a previous

burst transmission, in this example, 320h, may be retained to be used as a reference in the

5 next burst transmission. As illustrated in Figure 3, the initial output power level 320i of

second burst 350 is set less than the initial nominal output power level 320a. This

reduced setting of initial output power level 320i may be a function of the last output

power level 320h.

During this second burst 350, MS 106 generates messages 330i, 330j, 330k, and

10 3301, containing system parameter data, such as received signal strength. In response, the

transmitter adjusts the output power to levels 320j, 320k, 3301, 330m, respectively. In

this example, the weighting function to determine the amount of decease or increase of

output power level can be determined by weighting various factors, such as initial output

power and returned signal strength value.

15 Operationally, the remote site BSC 102 may report its system parameters to the

MSC 100 controller. Those system parameters, as measured at MS 106 and/or other BTS

104, include signal strength as well as power consumption history on the forward link and

Signal to Interference Ratio (SIR) on the reverse link, for each MS 106 and BTS 104

under the control of the BSC 102. BTS 104 may report the measured system data

20 dynamically to BSC 102, for each MS 106, or it may accumulate and report the measured

parameter data of all active MSs 106 in a cell as a single package at one time. This

package of measured parameter data of all active MSs may be reported periodically.

13 #0190992.01
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The MSC 100, having information on the active data sessions in progress in the

network and the operating parameters of each base station, can efficiently assign base

station operation in accordance with the changing configuration of the network - e.g., the

MS 106 changing position within the network or a new MS requesting access to the

5 network, as well as assigning base station operating conditions dependent upon the base

station resource usage.

According to the method of the invention, MS 106 and BSC 102 further maintain

time-out counters to clear the active data session if no data is detected for a known period

of time. A time-out counter is initiated within the MS 106 after the communications link

10 has been established between the MS 106 and the BSC 102. As each new data burst is

received at MS 106 from the BSC 102, the time-out counter is reset. Should no data be

received within a known time period after the last received data burst, MS 106 presumes

the data session is to be cleared (ended) and therefore initiates its internal clearing

function to end the active data session. Hence, BSC 102 need not indicate the end of the

15 data session to MS 106 and thus overhead processing necessary to end a data session is

reduced.

Similar to the time-out counters maintained by MS 106, BSC 102 maintains time-

out counters to monitor the autonomous reporting of system parameters. As BSC 102

receives the autonomously generated system data message, BSC 102 resets the time-out

20 counters. Should BSC 102 fail to receive an autonomously generated system message
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within a known time period, BSC 102 presumes the data session is ended and initiates its

call clearing function to end the active data session.

CONCLUSION

5 The invention provides a novel method for providing information from remote

sites to local controllers to reduce the time necessary to set up a resource-intensive data

transmission. For a preferred embodiment, the invention autonomously provides the

signal strength received at a mobile station to an associated base station. The base station

uses this information to adjust the transmission parameters for the next data transmission,

10 or to make such adjustment within a given transmission, as appropriate, without

burdening channel resources to request this information. Further, the invention causes

information concerning system operation to be distributed throughout the network. This

system information can be used in assigning base stations when new users request entry

to the network or when a mobile station traverses the network and multiple base stations

15 are capable of processing the mobile station. Further still, the invention improves

channel utilization by reducing the overhead necessary in establishing, or ending, a

communication link between the base station and the mobile station.

Those skilled in the art will recognize that there are many configurations of

wireless systems not specifically described herein but for which the methodology of the

20 invention may be applied. Although the invention is described in its preferred

embodiments, there is no intention to limit the invention to the precise embodiments

disclosed herein. In particular, the invention can be utilized for third-generation mobile

15 #0190992.01
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or personal communication systems that offer a multitude of data services in different

operating scenarios, such as telephony, teleconference, voice mail, program sound, video

telephony, video conference, remote terminal, user profile editing, telefax, voiceband

data, database access, message broadcast, unrestricted digital information, navigation,

5 location and Internet access services. The autonomous generation of the signal strength

measurement of the invention can also be utilized in second-generation systems, or any

system that has high data rate transfer capability.

Numerous modifications and alternative embodiments of the invention will be

apparent to those skilled in the art in view of the foregoing description. Accordingly, this

10 description is to be construed as illustrative only and is for the purpose of teaching those

skilled in the art the best mode of carrying out the invention and is not intended to

illustrate all possible forms thereof. It is also understood that the words used are words of

description, rather than limitation, and that details of the structure may be varied

substantially without departing from the spirit of the invention and the exclusive use of

15 all modifications which come within the scope of the appended claims is reserved.
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WHAT IS CLAIMED:

1 . In a wireless communication system, having a controller and a plurality of remote

sites, said controller being operable with at least one remote site through a

communications link, a method of reporting system data comprising the steps of:

a. measuring system data at said at least one remote site; and

b. reporting said measured system data to said controller, wherein said

reporting of measured system data is performed without instruction from said controller.

2. The method of reporting system data as recited in Claim 1, wherein steps a and b

are iteratively repeated for said at least one remote site during a time interval

3. The method of reporting system data as recited in Claim 1, wherein steps a and b

are iteratively repeated among substantially all of said remote sites within said system,

4. The method of reporting system data as recited in Claim 1 wherein said measured

system data includes received signal strength at said at least one remote site link.

5. The method of reporting system data as recited in Claim 4 wherein measurement

of said received signal strength is performed by measuring a level of a pilot signal

transmitted to said at least one remote site.

17 #0190992.01
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6. The method of reporting system data as recited in Claim 1, wherein the step of

reporting said measured system data is performed on a periodic basis.

7. The method of reporting system data as recited in Claim 1
5
wherein said

communication link includes a forward link and a reverse link.

8. The method of reporting system data as recited in Claim 6, wherein said periodic

reporting basis is selected as a function of a rate of arrival of data via said communication

link at said at least one remote site.

9. The method of reporting system data a recited in Claim 8 wherein said reporting

basis is less than said rate of arrival of data.

10. The method of reporting system data a recited in Claim 1 wherein the step of

reporting measured system data is performed synchronously with data received at said at

least one remote site via said communication link.

11. The method of reporting system data as recited in Claim 7 wherein system data of

said forward link includes data collected at each of said at least one remote sites.

12. The method of reporting system data as recited in Claim 11 wherein system data

of said forward link includes cumulative power history of each of said remote sites.

18 #0190992.01
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13. The method of reporting system data as recited in Claim 7 wherein system data

measured on said reverse link includes the Signal-to-Interference Ratio of each of said

remote sites.

14. The method of reporting system data as recited in Claim 11 wherein system data of

said forward link includes received signal strength measured at each of said remote sites.

15. A method of dynamically reporting system data in a wireless communication

system, said wireless communication system being characterized by at least one base

station and at least one mobile station, said mobile station being in communication with

5 said base station through a communications link, said communication link having a

forward link and a reverse link, the method comprising the steps of:

a. measuring, at said mobile station, base station forward link transmission

parameters; and

b. reporting said transmission parameters to said at least one base station,

10 wherein said reporting is performed without instruction from said at least one base

station.

16. The method of reporting system data as recited in Claim 15, wherein steps a and b

are iteratively repeated for said at least one mobile station during a time interval

19 #0190992.01
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17. The method of reporting system data as recited in Claim 15, wherein steps a and b

are iteratively repeated among substantially all of said mobile stations within said

system.

18. The method of reporting system data as recited in Claim 15 wherein said forward

link transmission parameters include measured received signal strength.

19. The method of reporting system data as recited in Claim 15 wherein said wireless

communication system further includes a switching center, said switching center being in

communication with said at least one base station, said method further comprising the

5 steps of:

a. collecting said reported transmission parameter data at said at least one

base station;

b. measuring said reported transmission parameters at said at least one base

station corresponding to said at least one mobile stations; and

10 c. forwarding said reported transmission parameter data to said switching

center, said reported transmission parameter data being forwarded without instruction

from said switching center.
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20. The method of reporting system data as recited in Claim 19 wherein said reported

transmission parameter data includes measured received signal strength at said mobile

station.

21. The method of reporting system data as recited in Claim 19, wherein steps a

through c are iteratively repeated among substantially all of said base stations within said

wireless communication system.
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ABSTRACT

A method is described to reduce the time required to assign the burst transmission

parameters in a wireless communication system by autonomously sharing transmission

and reception information among the components of the network. Information is

autonomously provided from a remote subnetwork element to a controlling network

element so the controlling network element may use the information to dynamically

assign and update burst transmission parameters.
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IN THE UNITED STATES
PATENT AND TRADEMARK OFFICE

Declaration and Power of Attorney

As the below named inventors, we hereby declare that:

Our residence, post office address and citizenship are as stated below next to our name.

We believe we are the original, first and joint inventors of the subject matter which is

claimed and for which a patent is sought on the invention entitled A METHOD OF REDUCING
RESOURCE ASSIGNMENT OVERHEAD IN WIRELESS COMMUNICATION SYSTEMS
which is attached hereto.

We hereby state that we have reviewed and understand the contents of the above identified

specification, including the claims, as amended by an amendment, if any, specifically referred to in

this oath or declaration.

We acknowledge the duty to disclose all information known to us which is material to

patentability as defined in Title 37, Code of Federal Regulations, 1.56.

We hereby claim foreign priority benefits under Title 35, United States Code, 119 of any

foreign application(s) for patent or inventor's certificate listed below and have also identified below

any foreign application for patent or inventor's certificate having a filing date before that of the

application on which priority is claimed:

None

We hereby claim the benefit under Title 35, United States Code, 120 of any United States

application(s) listed below and, insofar as the subject matter of each of the claims of this application

is not disclosed in the prior United States application in the manner provided by the first paragraph

of Title 35, United States Code, 112, we acknowledge the duty to disclose all information known to

us to be material to patentability as defined in Title 37, Code of Federal Regulations, 1.56 which

became available between the filing date of the prior application and the national or PCT
international filing date of this application:

None

We hereby declare that all statements made herein of our own knowledge are true and that

all statements made on information and belief are believed to be true; and further that these

statements were made with the knowledge that willful false statements and the like so made are

punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States

Code and that such willful false statements may jeopardize the validity of the application or any

patent issued thereon.
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We hereby appoint the following attoraey(s) with full power of substitution and revocation,

to prosecute said application, to make alterations and amendments therein, to receive the patent, and

to transact all business in the Patent and Trademark Office connected therewith:

Lester H. Birnbaum (Reg. No. 25830)

Richard J. Botos (Reg. No. 3201 6)

Jeffery J. Brosemer (Reg. No, 36096)

Kenneth M. Brown (Reg. No. 37590)

Craig J. Cox (Reg. No. 3 9643

)

Donald P. Dinella (Reg. No. 39961)

Guy Eriksen (Reg. No. 4 1 736)

Martin I. Finston (Reg. No. 3 161 3)

James H. Fox (Reg. No. 29379)

William S. Francos (Reg. No. 38456)

Barry H. Freedman (Reg. No. 26166)

Julio A. Garceran (Reg. No. 37138)

Mony R, Ghose (Reg. No. 38159)

Jimmy Goo (Reg. No. 36528)

Anthony Grillo (Reg. No. 36535)

Stephen M. Gurey (Reg. No. 27336)

JohnM Harman (Reg. No. 38173)

Michael B. Johannesen (Reg. No. 35557)

Mark A. Kurisko (Reg. No. 3 8944)

Irena Lager (Reg. No. 39260)

Christopher N. Malvone (Reg. No. 34866)

Scott W. McLellan (Reg. No. 30776)

Martin G. Meder (Reg. No. 34674)

John C. Moran (Reg. No. 30782)

Michael A. Morra (Reg. No. 28975)

Gregory J, Murgia (Reg. No. 4 1 209)

Claude R. Narcisse (Reg. No. 38979)

Joseph J. Opalach (Reg. No. 36229)

Neil R. Ormos (Reg. No. 35309)

Eugen E. Pacher (Reg. No. 29964)

Jack R. Penrod (Reg. No. 3 1 864)

Daniel J. Piotrowski (Reg. No. 42079)

Gregory C. Ranieri (Reg. No. 29695)

Scott J. Rittman (Reg. No. 39010)

Eugene J. Rosenthal (Reg. No. 36658)

Bruce S. Schneider (Reg. No. 27949)

Ronald D. Slusky (Reg. No. 26585)

David L. Smith (Reg. No. 30592)

Patricia A. Verlangieri (Reg. No. 4220 1)

John P. Veschi (Reg. No. 39058)

David Volejnicek (Reg. No. 29355)

Charles L. Warren (Reg. No. 27407)

Jeffrey M. Weinick (Reg. No. 36304)

Eli Weiss (Reg. No. 17765)
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We hereby appoint the attorney(s) on ATTACHMENT A as associate attomey(s) in the

aforementioned application, with full power solely to prosecute said application, to make alterations

and amendments therein, to receive the patent, and to transact all business in the Patent and

Trademark Office connected with the prosecution of said application. No other powers are granted

to such associate attorney(s) and such associate attorney(s) are specifically denied any power of

substitution or revocation.
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Full name 1st joint inventor;

Inventor's signature^

Residence: Basking Ridge, Somerset County, NewJersey

Citizenship: USA

Post Office Address: 106 Countryside Drive

Basking Ridge, New Jersey 07920
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Full name of2nd joint inventor: Tejaskumar R. Patel

Inventor's signature Date el^i ^.
Residence: Lake Hiawatha, Morris County, New Jersey

Citizenship: India

Post Office Address: 197-3 North Beverwyck Road

Lake Hiawatha, New Jersey 07034

#020375 1.01

053572-34321



KIANG 1-2-1

Full name of 3rd joint inventor: Sudhir Ramakrishna

Inventor's signature \k^// Date C \
) ^In^

Residence: Scotch Plains, Somerset County, New Jersey

Citizenship: India

Post Office Address: 129 Tussle Lane

Scotch Plains, New Jersey 07076
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ATTACHMENT A

Attorney Name(s): Henry J, Walsh Reg. No.: 24.451

John A. Liqon 35.938

Matthew J. Hodulik 36.164

David P. Krivoshik 39.258

Carl A. Giordano 41.780

Bosco B. Kim 41 .896

Vincent E. McGeary 42.837

Telephone calls should be made to Henry J. Walsh at Gibbons, Del Deo, Dolan,

Griffinger & Vecchione at:

Phone No.: 973-596-4500 or 973-596-4855

Fax No.: 973-596-0545

All written communications are to be addressed to:

Intellectual Property Docket Administrator

Gibbons, Del Deo, Dolan, Griffinger & Vecchione

One Riverfront Plaza, Newark, New Jersey 07105-5497
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